Adenosine 5'-triphosphate (ATP) measurements and the processing of samples have been refined to a point where the energetics and growth potential of microscopic samples of unwashed host-grown, host-dependent microbes can be investigated. Mycobacterium lepraemurium, the noncultivated agent of murine leprosy, was employed to examine three reports of the slow microscopic growth of this organism in the absence of host cells. A few million bacterial cells were enclosed in Rightsel-and Ito-type diffusion chambers, which were incubated in vitro and in the peritoneal cavities of mice. In the in vitro experiments, a complex medium containing bovine serum and mouse brain extracts, renewed three times a week, did not sustain the energetics of the bacilli. The microscopic counts declined to 72% and the ATP per culture to 9% of the original values. Very different results were obtained from chambers incubated in the peritoneal cavities of mice. The bacterial biomass increased 2.7-fold and the ATP per culture increased 2.5-fold. Because the ATP per cell was 93% of the original, this system is regarded as the first to permit the extracellular growth of a so-called "obligate intracellular microbe." The results obtained with only 1 x 106 host-grown cells per assay demonstrate a significant biochemical tool for investigating the growth potential of host-grown microbes during the progression, regression, and therapy of disease.
One reason for an interest in adenosine 5'-triphosphate (ATP) is the need for an ultrasensitive, biologically significant biochemical tool for investigating the physiology of host-dependent microbes. In our case, it is specifically (i) to measure gains and losses of growth potential in rat and human leprosy bacilli during experiments in vitro and in vivo, and (ii) with respect to clinical leprosy, to determine the physiological state and growth potential of Mycobacterium leprae during exacerbation and regression of the disease, and especially during chemotherapy.
Earlier Diffusion chambers and sampling. The diffusion chambers were prepared and sterilized as described by Rightsel and Wiygul (7), by using Ito-type (5) plastic rings. Each chamber was filled with 0.125 ml of M. lepraemuriurn suspension containing a few million cells. This system resembles a tissue culture experiment in which small chambers are substituted for the phagocytic vacuoles of host cells and repeated, or in which continuous supplies of nutrients might replace the cofactors and metabolites available in intracellular environments. After incubation at 37 C in the Oiwa medium (6) or in the peritoneal cavities of mice by Rightsel, the contents of three chambers or three tubes were pooled for counts by microscope and assays of ATP. Because a high concentration of ATP had been added to the basal medium, each chamber was transferred to another tube containing 10 ml of iced buffer and kept in it for 1 h. This procedure was repeated three times so that all soluble ATP was diluted out. The contents of the chamber were removed with a 1-ml tuberculin syringe and a 26-gauge needle and transferred to a 10-mm tube. The chamber was then rinsed three times by adding and aspirating 0.1 ml of TES buffer. After preparing each pooled sample, a sample was used for bacterial counts and the remainder was packed and assayed for ATP as described earlier. The Irrespective of the incubation system, modifications of the medium, or the renewals of the medium, the ATP in the M. lepraemurium cells declined uniformly. The data for each time interval, therefore, were pooled. After 17 days of incubation, the bacterial counts had fallen to 72% and the ATP per culture to 9% of the original values (Table 3) .
In vivo incubations. An entirely different result occurred in chambers that Rightsel had incubated in the peritoneal cavities of mice for 50 days (Table 4 ). The number of bacilli per chamber increased 3.4-fold, but the rods were shorter. After compensating the differing lengths of the original and the incubated bacilli, the biomass increased 2.7-fold. The ATP increased 2.5-fold, and the ATP per unit biomass was 93% of the original. Figure 1 illustrates the contrast between the growth potential of M. lepraemurium cells incubated in diffusion chambers in mice and in vitro.
DISCUSSION
When the diffusion chambers were incubated in several modifications of the Oiwa medium, the physicochemical conditions or the cofactors required by a leaky organism, or both, were not adequate to sustain the energetics of M. lepraemurium. Because the ATP per cell (growth potential) declined to 13% and the ATP per culture (functional biomass) to 9% of the original values, there is little possibility that the organisms might be able to grow. This progressive decline in energy reserves resembled the deteriorations of hydrogen transfer capacity earlier observed (3) in rigorously washed suspensions of M. lepraemurium incubated without added substrates and also when incubated in the presence of CO2 and a great variety of nutrients.
When the same diffusion chambers containing only 1/17 the density of inoculum were incubated in the peritoneal cavity of mice, the ATP per cell was 93% of that in the host-grown cells and at a level adequate for a continuation of growth. We, therefore, regard the Rightsel system as the first to sustain the extracellular growth of a presumed "obligate intracellular parasite."
As mentioned earlier, our interest in ATP arose from the need for ultrasensitive, biologically significant biochemical tools applicable to the host-dependent microbes. The results obtained with 1 x 106 M. lepraemurium cells per assay demonstrate a significant biochemical tool for evaluating other claims of the microscopic growth of M. lepraemurium and M. leprae and for investigating the growth potential of host-grown microbes during the progres-
